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ABSTRACT

Neor1opeptide miodulationi of' hillatopoictic Stemt cell dieotiatioti was
Stud~ied ill all ill ttf IllI11rio(' systcl. Enotoplios were abile to infIflocce
thI'ertrp(itl-ietet cliffer-eitiatiol (of' i)ole mtarrlow Cells into1

erxytl 1511( ('()i(Iut fhtring units illit d (ose depenidenit mmair TheII effects

01) plrogetlitl- cell llaitulrationl w~ere ml fI1lced by the C2onditionls and( titlne

of' exposiure to the ('idor-ph ins. The moduilation of' clr\tii ropoiesis by the
etidor-phios Suggests thlat these pe1 )tidcS mlay hulct iol ats imiodificerS of, the
olatulration of, hooc llnow Cells.

Introduction the cei Iral llelrv(osv Systemi (C N ) its
potent analgesics ilo responlse to pailo

Netiropeptides. par-ticularly- t IIC stui, I. 3., 01Wj gro()I f' thle eloge-
elgeil(Its opHild pCe)tideS. fiunctionl ill l~l opHiid peptidles, ter-med etidor-

________________ 1h111s, is der-ived frinl ibetil-li1)ot rap) 0.

Th *Ii lfhct "it, Nulpp td In the U.. Vk d whli ch, al onlg withI ad i-e n (cor-tic(It n pic
Meidical Resea~rchI and( Dc1* foj)Iiitot Cioad horiiioi0ie (ACTIf ) is at i-odiict of' pro-

* wa rch Wo rk U nit No. \1009~5. 0(1 1.0I. 'Ill oioll ialti ((1It iC( t ropi I.l I)io addi tion.
o)il.i lII\ dIll the athoriani ar (lIoi l t I it o ns I'i" theC enkephialins. .;Vuthesize ill bo0th the

Siblsfiil (i relfhvtio. lie ' iwNof lit( it\ aepirt ilill anid the ill testinai tfltei. arec uIole-
flit-ll o OwI lili',i wir' ikrc 'l111'. i l'\iliiII clue1s with Strtictitriii homoitlogy to the NV

prilicilvu seit forith ill (it cirrilit cllitiol, of all termlitlal ipentapeptide o'teeio.
Guide tor f/i Carr and U .Sto ~/o~io ~ a. )hills
lniliil of I iboratiir\ .'iiil Ih'.on c" Nai onal Neuu-opptid,'s also miodlulate imlmu-

I liuprinit rl-vitlvt 'foild fit i .Lf(rl',',i to: nological fiuoctionls; this suppllrs theo
Rcm-arch I'n I i cit i on Oficc. VA NI I-3. V1K. ,'( c(Iocept (If regu latory links be)Ctween t Ihe

F'I Ii' f-% U f Iit -iI S( flool of'Me Nit i if % At iiiLi I il A 1115 . M \ost I I t ai )I V. tile en (I pl Iill S
:30:322. and the euikephalins moduilate mIitogetlic
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responses of rodent and human lvmnpho- Mice were killed by7 cervical disloca-
cvtes, 5 12.17 increase the number of T- tion and the bone inar'row cells from thle
rosette cells. 15.16.21 in~fluenIce specific femutrs and tibias were flushed using
antibody responses,'7 enhance natural coid collecting mnedium: Iscoves' Nodi-
killer cell activity. 11-17 and induce in vitro fied Dulbecco's MIinimal Essential
and in vivo chemotaxis in monocvtes and Medium (INI I)M), supplemented with
neuitrophiS.2 () Furthermore, the pres- 0.05 percent sodium bicarbonate, one

ence of' netiropeptides and receptors for mM sodium pvruxvate, 0. 1 inN nones-
these miolecuiles has been detected in sential amino acids, two mn\I L-gluita-
mnacrophages and onl I\ imiphocvtes. mine, five 1. U. per mrl penicillin, five I.g
respectively.6 9 Hormone-like activities per ml streptoinycin± and tw'o lpercenit
similar to those of' endorphins have also fetal bovine serum. §
been dlescribed after stimulation of the
imlilmne sy-steml. ' In partictilar. the C F U-E ASSAY
structuiral and biological activity of
alphia- interferon i.s associa ted with The differentiation of progenitor cells
endlorph in -like and ACTH activities."1 into erythroid cells wais measured in

The concdept that i,orinones or other pl asmina clot cuml tures ats p re viouslyv
stimulus-derived molecules may have dlescri bed. 11 14 Netiropelptidles wvere
ilmportan t pri mary or secondary influ- diluted inl national collection of type Ciml-
ences onl the finmne andl central ner- hires (NCTC) 109 meditm4 and added
volls svst(1115 promuptedl this iimvestiga- inl volumles oft). 1 in]l to a finial 1.0 11l vol-
tion of' the role of' nuropeptides onl the nine, containing 5 X 105 hone marrowv
differen ltiatioti of, Imiciatopoictic stemt cells. thiromb~in (one U per miii. I bovine
cells. InI thle present stud\, the neutro- serum albuminin and L-asparagine.* *

peptide inluenices oil Colonx fomin g erytliropoictin. It NCTC 109 mnediuim.
uinits-ervthroid (C FU -e) are examined 10 percent fasting blood sugar (FBS)tt'
using muitrine ervthroid progenitor Cells, and bovine citrated plasmna. Cells (.5 x

1()4) inl 0). 1 ml were cultured in polyvinyl

Materials and Methods tissue ctiltuire wells1 l in at 37, five per-
cent CO), humnidified atmosphere. Two

C;ELLS days later, (jitadrllplicate cultures wxere
harvested, the clots were fixed wvith gi a-

Bone miarro w cells from B6. (:-21~ 12 taraldehvde and stained with benzidine
mlice were used. These miice, which liave anld iemnatoxvlin. Colonies were identi-

at poin~t Imiitatioin if] the I-.4 region .are hied by\ at mm11ii nunl of' eight benizidinle-
otherwise identical to (57B LI6j mice: positive, nu cleatedl cells. Resuilts are
the inutation ilil t Iiese mnice dfoes nlot cxlpressed ats the imean nutm beir of'C FUI-e
affect ervtliroidl (ifleren tiat ion of' bon e per I0-:5 cells :-standard deviation (S. 1).
marrow cells. * The mice t

1 were bried andl of* the( assay or stan dard ceror (S. E.
housed in Thoren faiioar flow , hiigh whenl oIlti ple eXIperiilents wvere per-
efficiei icy particulate air-filtered caging
systems withl free access to food and - M ipolc' D
Wxate r. All cages. bedding, food. aind §I FlioLbpr(cv i , i \ II.
wvate r werue anutocmlaved pior~m to ii s(. I'\fIII(. Scittlitiic ,pr lci.

0 :nnlialul S\%ift~ater. PA.~
~ I~t~)i*I(Iohse.tr~d~iI. jR lleis. Rov% ARl.

t Gift of D~r. T. If. FIamii.,li. 'IlIiaimttoti lmeir- §§ (;IB(0. Granid Waidl. NYm
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formledl. Significance was dletermninedi at TABLE I

the 95 percent confidenice linit using thea Pfrot ioicf nc Srlrcot r I en 'io

student's t-test.onMrn rthjol-

oar- 'on, F +Neour-
NEUROPEP-IIDES ti (Ct. 1t>. ptOo

Neiriopeptides w~ere used inl these ADI s .1 13 15 1C7.i

studlies* andl were stored1 at - 70'C after 96--Mb 1,. o 3: 76 21 1,

dilution to Onle lig per m1l ill NCTC 109 Fni Sait 10.) 1 3 31 7

medi 1111. 003ali 112 1, 14 2 3o 01

f,,dor1 ,I: 17 14 481 27
Denrpurn 1 V 45 i;,74

Results___
-S-vr ral ceCratio, of nourojO; -id-; Ie tctedi.

Jifferc!.t exlCr11110 In 5u ; ale -1 r-e -ardtier

EFFECTS OF .14 i--lde theo crys, roi'ir cti cl le-
1 

of ,I-

PIRO-(PIONfEIANO(:ORrlc:OTmOPzc icitl,-i,Linecq ot te-r trol 711;ri pe 5Int 111.1 Cnr0

HORMONE DERIVATIV'ES cell IC " lot. in oultse CC mean SC.D . of

ON EnRT;iooiOESISI uoiloat I, ,~ c yt Cl r.4 to /n oi,;ro

Prodlucts of, I)ro-npio]iellcorticot-o- C oj,--eeid . 1 itrno iuera

pic hormone were testedl for their ab1ilitV 1-Ci o

to moduliiate in ii ri ne I'.P-depenident in, e. lai,.seu lati-Ic h-0;tt."
erythrlopoiesis. 1llu'sc assays5 were j)(l'

he re s mn se. D~ose re spolise s were and to comlpare the ability of' thil 111)1-
iliclidoeol ill(1( ea Xperi 111(0t to ci" and heta-endor-phinls to elilIice tile FF-
erytlrooI)ictili stiiiiiliatioii of* CF C (epelidet stmua iof' (:f-c diffhr-
I1tivit\. Am\noun ts of' l1('IIoIpetidlcs chlo- en tiatiol (tables If and 111). D iflcrenics
senl were phyvsiological.10,2 ill er-vtliropoictill c()neelitrationis also(

'The restilIts of' reprecscritat iv' cXperi- mi ,1lieniceol the 01,0(--t of thle iuii ropep-
.ueits w~ithi selcol Concenltration~s of, tides . L~ow Conicentrat ions of' alpha11-

agents alre Silln mariied ill table I. The c edor-phinl were stillililatory whenl hone
(lata indl~icate thlat appropriate coticen - marrow C " c tivi t \\-was low: \~ll
trat ioiis of, products of' lbeta-lipotropin, . igher levels of ' 1.-( , reslted. no0 ei-
the enlk(pllalmnls. and1 the etidor-phlis, fec ts of' alpha-c i(lrph in were oh -
but not adrenlocor-ticotr-opio' hormone scrvecl. Beta-clidor-phinl was illllil)itor-\ at
A(:TII1 or alplia-mncilanoc~te stimulm!ating high levels (if ( l'i-e activity.
hllrlol(. enhlanice the iimlrof, EP1-
(1ceciaeti~elt (A' -c. None' of' the( 11(11'o F FECTS OF I'A mORI'llINS ON TlI IF NUMBER
pec)tidleS tested stun ii lated erytliropoi- (;F Env-riinoj Pim( ;ENr (4.EI.L5

v'5IS ill the absence of, EP (dilta not
Shownii. llio da~ta Show~ tha1t ('m1(lophilis le

capable of' mlodilatimig the loimlw1br of,

( I"U-c inll al EP- and1( (los(-(lelidelit
kiiiiali' Snj'itlitic. hIm. \\ 'Iiithii. \M. IIIIal(1. the efleCt of, the v'ilophimls is



TABLE II don~e at cjtiler VC or :370C to ascertain
[Aflo81 ot 1111ha-i.n:dorphin on MurinQ lrvth ropon.i whether oi]\ binding of' the alopha-

endorphin to the cells was suifficient oi-
L~no PU-c~ i~~§0~ whether mietabolic ev'ents wvere also iiec-

i- . -Pnio rphnn -1]> E.it cintrolt essar V f'or the subsequen t effects onl
C FU-e dificrentiation. The cells were

I J 58 11 1) washled after ilillation and beibOre ei-
1 ng/nil 388 7' § 17

11 ~ ~ ~ ~ - v3ol 28 48 i ii with EP. As shown inl figure 1. the
I 1J :q/tl 14 11H incubiation of hone marllrow cells at eitiwr

3>40(C or- :37C. resulted in enlhanlcemenlt or-

II nqm Si 11 depression. respectiseiv. of' the numbiler
10q iig. 3, of ( FU-c after subsequen t stimulation

I _,, ng/li, 41

I j 13 by F" F' Ani E P (lose response (niot sliowwi
______ _______________ ___ \\,itws performed inl each treatmien t group.

mr ~, p ~,~ In the Coil] parisoli group, w\ith nio preinl-

8'', no,.. / 1.on-rAro3 per till eiluorpliill tpreselit (loriuf iZte

1 - j V onij 1I X!r - 1)iutsilla clot culture, the 111111mer1s (of,
(di..-e were increasedl comi lf)red to theI

.1-- 0 P (ioiltol. its expectedl. Ili contrast. the
ilncoiiatioii of, iioie marrow cells with
0.01 Vpg- per till clilrpilin for two boors
at either 4'C or :37 0C resu lted ll i signlifi-

dependen(10 t oiii tl( pre(sence of' I'. P Since canlt dcreaise ill thle nimilir i (:1'1.

IM0 ondogemiouts ('rytliropojesis was5 seen indultced hy EP qp < 0.05) compared to
inl the presence of' ieiopeptide anld in the( responise of cells cultulredl ill me~imi

the all(ce of, VPA (datai not sbown . hi
(deterumie whether endo-plis stunlll TABLE III

laitco the (ilelcritimtiomi of, it(\w pruiigm- hltofI-norh 0Iun otpo

tor cells capablle of* dif'ferenttiation into ____

C 14-c or enhianced tihe orIllill acti\-
tv of, FVP, sclcteci conicenmt rations of,
1(lphia-(iiilhill were cmit(redl with oif'- Jtu, b-S ioro.~ /S .). 1

lercmit comicentrationis of, fP. The results
of these sti uiies are listed ill tabile IV and( 1' ,qlnI 381 8 i

indoicate tha~t the conicenotrationi of'api Il§
l~i~il( 12u iq/tI 4' 1

('iioorphlin u1seo foin mcubationt dlid not 1> '3/m 1 4, 7. :7,

increase the nmbeiilr of' C 1U-e abovec the t~/m , -,101

numbler that were stiml]I I ated( b\ ani opti- 1 nj,'m1 75
l/rml 5

()ill (ouccilitratioil of, E11) alonte. I onrqim1 417 1t §
1 w 31/nl 448 21,'

[EFFECTS OF PISE-IMcTIIATION OF BONE
MIMlOiW ( ./LIUS W~ITH FAD0X).1111N5 n*- 4) rot Jijr1,whcjh lowo~r' IorI

erytlhrolpoietin occurr-..
'lb ''t'' whether * not ~i* tMvan Onrlbsr of 01: ony- tcotmn i, nIS35r

(h) deterine ~ whehe (111ot (11d- fromt cifforont cxpernttolnts.

phll. \\crc' requmiredl colitiliulomlSlv. Iolle tMc'an f-rc-ru ch-cqo banci on rdnanlOXt-

Mil11'IMV Cells we(re' IllclII)te(I with aiLIaiii §S, ,ificant diffvecnc, 1-twon n tlmulatvd ad

c)1101 to cpritrit e with, iEl. The control meatns (1, 1.11.
<EUI--s colotny formin ni;~I orythroid

incubaliltion~s with alpliai-c'iolpim were S.E. ,t an larIl errr
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TAB3LE IV Discussion
Lffect of 1tttteretnt COIQCTt rat iOTIS Of

Lrvthropo ietit; on Mlodulat in of lEr 'thropoiei Neturopeptide modulation of' in urinie
by lihematopoiesis was demonstrated inl anl in

ve, itro) sx'stemn measuring the differentia-
EP -o CF-,L :o,0 per'cxtt tion of hone marrow progenitor cells into

7 t~' 13ro 'o' 'e1s tttrot ervtliro id cells in the prese nce of'k5, 17 heinatopoeiste is modutlated b

378 Endorphins are del ived fiumi beta-
1.6 islipotropin, a product of' pro-(ipioilaiio-

+ 311 143 corticotropin. The eindorphis are struc-

tu rally homologous to sev tal othecr
-Mearl trimbr of olw. t-i. ] uttts-orytirotld netiropeptides, includig dynorpl .1

from quadrup1:icat. clairs s. e hs t-ard
deviartor. of tile calture, 'a l,,-, titan 20 pur- and enk-ephaiins. as weli as macrnpniagc/

P, ofat. ~ac i fibrohlast-deive alphia-iiiterfi 1,1.
±TttO~s-qnlfcant dffrtc eooset neai Because of' this structural homnology it

pp r' o'aer~r.canl be predicted that these mioleculles.
aa Ei.rttsathi -evrhrt although resulting fi-om (liflerent types of'

st IiUliii., linla indleed share biological
activities inl their respective environ-
miejts. The strutctural siimilarity' of these

only. The resuilts ind~icate that the addi- molecules may also be associated with a
tion oif' und(10phinl to bonle miarrow cells similar mlode of, biochemical or mloleti-
prior to Plaisma Clot culture was suifficienit lar action. Stiructural homlology and bio-
to effect at decrease inl the n umbier of' chemiical action may alsoi relate to a comn-
CFU-e; these responses were (different binled 11nultisvs teli responise to senlsorx\
fr~om thle responses (if eellIs cultured or antigenicallv-foreign stimutli. Thwi, inl
simullltatneoulsly with bothi EP1 and endor- the iiniinnne s~stein, the eindorph ins
phin; thle absolute dlecr'ease illnumbtii 1 er of' have multiple effects onl thle enlhanice-
CFU-e of' cells cultured at :37'C may be init oif antigen-specific responses of'
(life to the loss of, selective cell typ~es b\ lylniphiocytes. iaioaesiincts
ad~herenice or culture ctinditions. and p olyvmorpilion ticlear. Ielik o -

None 0.4 0

II 't itiltI~t0.4 0.0 :: 7 ,7

ll'trl('i p ii ati()i of' P7C 0.4 0

viloose~ ~ ~ ~ ~ bo. il0.0sels . 00

Iiii-I ati.n 0.4 0.01
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cvtes. 5.7.11,12,15.16,17.20 22 Similarly. alphia- n ismls: (1) increase the sensitivity of'
interferon, at product of' virus-iniduced receptors for ervthro poictinl such that
stimiulation. hais b~iological activities of* thle respon se of' bone marrow cells to
lbeta-lip~otropin whell tested inl appro- e ndorph in at low concentrations of'

priate nervouls s's temi assays. Con- eryth ropoietil) iresuilts in] anl optimal
verselv, beta-hpotropin possesses iter'- resp~onse; (2) stab~ilization of' the ervthro-
feron-like activities ." The results Ipoi(tiil ho(rmione stroctore such that
described inl this report demonstrate that maximum biochemical and( biologic
the endorphins and enkephialins are also atcti\' it\' is possible: (:3) cildorphin-

Palble to i nfluience hematopoietic. hor- mediated stimulation of an accessory cell
inlone-depenldent (differentiation of ery- resulting inl the secretion of' cellular fac-
throid progenitor cells. tors -which p ronmote e ryt Iiropoi et in -

Nenropeptide efliects onf the iodula- induicedl cell clifferemtiatiowm or- 4) endor-
tionl of, ei'v.thropoietinl-de(penden~t differ- p hi l-fredia ted inhlibit iol iiI facto(rs
en tiationl of' Progenitor cells are not at w~hic'h block progenmitor cell dliffeenmt ia-
substitution for the hormonal stimulation tion.
by ei'vthropoietin buinta modifier of' tihe The nu lmber of' CF U-c generated inl
proceses initiated by the hornion e. the presence of' neuropeptidcs does n~ot
None of' the (loses of' neuropeptides incr'iease the total numb ner of, civth roid
tested stimulated the f'ornation of, progenitor Cells capable of' maturation.
C FU-e inl the absence of'rei'vuopoietin, These data indicate that endol~lin-spe-
suggesting that differentiation was not cific mollduilation of' bone marrow cells
mediated throuigh at structural homology results inl bothl enhbancement and Slip-
b~etwveen neu ropept ides and ervthro- Ipres55iin. dlep~endinig on tile (lose and
poictili hormone mnolecumles. conditions of' treatment. lihe decreased

The miode of' action of' endor'1 hills with response. resulting f'roml precinlclbationl
re gard to C F -c difle rent iat ion is or- f'ronm con conmitan t incubation with
umnclear'. Experimnents to assess whether erythriopoictiil anld bonle marrow cells.
or- not entlorphiin 5 are requi red to be may ASO relchanlges inl the (lensits (If,

present for thle dluration of' cultmure indi- receptors for ervthropoci uhtla
cated that modulatory effects are seen different concentrations of' ervth ropoic-
uinder conditions of, both preiincubation till may be reqjuiired. Preincubation at
andi co-ciltui'e. The effects (differ, o' 4'C is effective, indicating that binding.,
ever, depending uponl thle inatnire of' the an)d not processing ol' the endorphin sig-
incubation condition. Inl contrast to mod- nal. is sliflicien tas anl initial step for the
lilatmlon iim co-culture, which resuilts inl sublsequient molduilationi (Ifdifferentiation

tile enhancemient of' thle number of' processes.
CF'U -e formed, at decrease inl the nom- Inl suiniarx. these resuilts document at
lier oIf (CFL-e generated is seen after at suibstantial ancd significant 1muodiatiom b\n
two-hour preicomiationl period. iregard(- n)ellropeptid es. particularly the enldoi'-
less (If' thle temperature. ,Prel iin, ior h ins, on) the differentiation (of bonle
experiments incubating erx'thropoitiln miarrowm cells in to eryt broid p~rogenitolrs,
and al pha-c ndorph ill toIgethe r Iia~e inl at miirine ilm I'itI'( sy'stem. In teractionis.
showni f(1 interacti(on b~etwee n these theref'ore, exist bietween hormones (If'

mouilecules r-cstilitiii inl either enhance- the central nerv'(ous and the ematopo(iv-
Inoeit orinhiiton tic wstems.

\lodillators' evxenmts (If' ci 1 d( phins may' vkm I(Jtmi i '

imcclmi' at thle level (if, differenit cellI t\'lpes Thank, am~ c'\tc(I to. Di, H V Chillan
thr'ough the following polssibile iiceclla- (K. wlmai.I r t~i 'ii ,hh wkc aw I, \4 1,
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